The CaptiveSpray source ensures a stable spray and excellent nano ESI performance facilitated by a vortex gas that sweeps around the emitter spray tip to support liquid desolvation and focus the Taylor cone. Enriching the vortex gas with dopant solvents provides tremendous opportunities to increase ionization efficiency, in particular for hydrophilic compounds such as glycopeptides. How this CaptiveSpray nanobooster benefits their analysis, however, has to date not been systematically studied.
INTRODUCTION
Glycosylation is one of the most complex yet universal posttranslational modifications (PTMs) that significantly enhances the functional diversity of proteins and influences their biological activity 1 . Understanding the relationship between glycoprotein structure, glycosylation site location within a protein sequence and the function glycans fulfil on individual glycoproteins requires highly sensitive and selective methods that enable scientists to collect detailed information on primary structure aspects such as peptide sequence, glycan composition/structure and sites of glycosylation 2 . Mass Spectrometry (MS) has emerged as the tool of choice to identify, characterize or quantify complex glycoproteins/proteins due to its universal applicability, sensitivity and high throughput capabilities 3 . Its analytical capacities are further significantly increased by combining MS with orthogonal separation techniques such as ion-mobility MS 4 , capillary electrophoresis 5 or nano-scale liquid chromatography (nano-LC) 6 . The low flow rates used in nano-LC provide several advantages for glycoproteomics applications, in particular with respect to the ionization efficiency of hydrophilic compounds such as glycopeptides 7 8 . The reduced flow rate and small orifice diameter significantly reduces the size of initially produced analyte droplets in nano-LC-ESI, thereby requiring less evaporation/fission cycles prior MS detection [9] [10] [11] . Besides the impact of the droplet size on ionization, the charge state distribution of peptides and proteins also depends on the sample solvent and/or sheath gas [12] [13] .
However, during the ESI process, hydrophobic molecules tend to be more efficiently ionized compared to hydrophilic ones 14 . Subsequently, glycopeptide signal strengths are significantly lower compared to their unmodified counterparts, mostly due to the presence of the hydrophilic glycan moiety 7 . Glycan microheterogeneity is an additional factor hampering glycopeptide analyses as it reduces their global abundance in the entire peptide pool of a proteolytic digest 15 .
Consequently, glycopeptide enrichment has become a common sample preparation step in most glycoproteomic experiments to facilitate their detection and identification [16] [17] [18] . However, to date a systematic evaluation on the influence of dopant solvent on
CaptiveSpray nanoBooster™ ionization when omitting the glycopeptide enrichment step in nano-LC ESI MS/MS analysis is still lacking.
In the present study, we used a synthetic IgG2 subclass glycopeptide carrying a biantennary sialyated N-glycan to systematically investigate the ionization behavior using the CaptiveSpray nanoBooster™ in combination with various MS compatible solvents. We also investigated the influence the amount of organic LC eluent has on the ionization efficiency of glycopeptides during a nano-LC ESI MS/MS experiment and finally established the human IgG subclass glycosylation profile without any glycopeptide enrichment using the optimized CaptiveSpray nanobooster™ conditions.
MATERIALS AND METHODS

Materials
If not otherwise stated, all materials were purchased in the highest possible quality from Sigma-Aldrich (St. Louis, MO, USA). Trypsin (sequencing grade) was obtained from Roche Diagnostic GmbH (Mannheim, Germany). Water was used after purification with a Milli Q-8 direct system (Merck KGaA, Darmstadt, Germany). Human Immunoglobulin G (IgG) was obtained from BioreclamationIVT (New York, USA). The amino acid numbering applied for all proteins analyzed in this study is based on the respective UniProtKB entries.
Glycopeptide synthesis
Solid Phase Glycopeptide Synthesis (SPGPS) was performed manually using 5-mL and 10-mL disposable polypropylene syringes with a bottom filter. All peptides and glycopeptides were synthesized by SPGPS using previously reported fluorenylmethoxycarbonyl (Fmoc) protocols 7, [20] [21] .
In-solution protease digestion After overnight incubation at 37°C the resulting glycopeptide/peptide mixtures were dried in the speedvac without additional heating. The samples were stored at -25°C until further experiments.
LC-MS Analysis Parameters
Nano-LC-ESI-MS analysis was carried out on an Ultimate 3000 RSLC-nano LC system (Dionex/Thermo Scientific, Sunnyvale, CA) coupled to an amaZon speed Table S1 following MIRAGE 23 and MIPAE 24 recommendations.
Data analysis was performed using ProteinScape 4.0 (Bruker, Germany) and MASCOT 2.6 (MatrixScience, United Kingdom) using the following search parameters: Cysteine as carbamidomethyl was set as fixed modification, and oxidation (Met) were set as variable modifications. Up to two missed cleavages were allowed. Peptide tolerance was set at ±0. 
RESULTS AND DISCUSSION
Rationale and study design
Glycoprotein-focused glycoproteomics aims to acquire comprehensive data on protein specific glycosylation micro and macro-heterogeneity 7, 15 . For this purpose, glycopeptide enrichment is frequently applied to improve glycopeptide detection in the background of non-modified peptides in complex sample matrices.
Hydrophilic Interaction Chromatography (HILIC) has extensively been applied for this purpose due to its low bias towards different glycan types. However, a recent systematic evaluation of the mobile phase effect on glycopeptide enrichment indicated that zwitterionic (ZIC)-HILIC glycopeptide efficiency primarily relied upon the used solvent 25 . Thus, if the analytical conditions allow the detection of glycopeptides from complex samples without any enrichment steps, any enrichment-derived bias would be significantly reduced. Since glycopeptide ionization efficiency is one major limiting step for successful glycopeptide detection, we investigated how CaptiveSpray nanoBooster™ ionization can be employed for glycoproteomics when omitting the glycopeptide enrichment step.
Using the CaptiveSpray nanoBooster™ system also enabled us to investigate how different dopant solvents added to the nitrogen vortex spray such as acetone, acetonitrile (ACN), methanol (MeOH), ethanol (EtOH), and isopropanol (IPA) influence glycopeptide ionization efficiency for subsequent enrichment-free glycoproteomics (Supplementary Figure S1) .
Glycopeptide ionization enhancement depends upon the dopant solvent
First, we used a synthetic N-glycopeptide to investigate the effect various solvents have on glycopeptide ionization using CaptiveSpray nanoBooster™ system. A 
To enrich or not to enrich-CaptiveSpray nanobooster enhances glycopeptide ionization
In a recent study we demonstrated that the presence of reducing and alkylation agents significantly interfered with ZIC-HILIC based glycopeptide enrichment.
More importantly, glycopeptide enrichment efficiency was strongly dependent on the used organic phase 25 . Motivated by our dopant solvent-dependent glycopeptide ionization enhancement results, we evaluated the feasibility of Figure S3 -B-C). These data clearly indicated in addition to dopant solvent, the charge state enhancement of glycopeptides is also dependent on the organic solvent composition of the injection solution.
A similar effect was observed for the individual standard glycoprotein digests of IgG when analyzed without any glycopeptide enrichment ( Figure 2) . As reported earlier, IgG2 derived glycopeptides provided the most abundant signals followed by IgG1 and IgG4 25, 27 . However, the number of reported glycopeptides was higher than the previous study employing HILIC enrichment 25 . Thus, is it evident that, use of CaptiveSpray nanoBooster™ is beneficial in glycoproteomics analysis reducing the sample preparation steps.
As 
